U
se of medications that can cause birth defects is at times necessary in the treatment of reproductive-age women. With concurrent use of contraception, the risk for birth defects associated with teratogenic medications can be substantially reduced. To increase awareness among women and clinicians of the adverse pregnancy outcomes associated with use of certain medications, the U.S. Food and Drug Administration (FDA) instituted a system to classify drugs into 5 categories. Class A and B medications are those for which there is no evidence of fetal harm in humans. Class C designates drugs for which adequate studies are not available. Classes D and X are used to identify potentially teratogenic medications. Specifically, a class D medication is a drug for which there is evidence of fetal risk but "the potential benefits from the use of the drug in pregnant women may be acceptable despite its potential risks" (1) . Class X medications are "contraindicated in women who are or may become pregnant" (1) .
In the United States, women of reproductive age receive 11.7 million prescriptions for potentially teratogenic class D or X medications each year (2) . Unfortunately, fewer than 20% of women using these medications receive contraceptive counseling during ambulatory care visits (2) , and approximately 6% of U.S. pregnancies are exposed to potentially teratogenic class D or X medications (3, 4) . In some cases, women choose to terminate pregnancies exposed to teratogens, even when the absolute risk for a defect is low (5-7). Thus, inadvertent exposure to a potential teratogen may cause hardship even when it does not result in the birth of an affected child. Our study was designed to estimate whether rates of pregnancy after a prescription for a potentially teratogenic class D or X medication was filled differed from those after a prescription for a safer class A or B drug. We examined documentation of contraceptive counseling, use of contraception, and history of sterilization among 488 175 women of reproductive age who received health care and prescription medications from a large health maintenance organization in northern California.
locations and serves approximately one third of the region's population. An estimated 96% of Kaiser Permanente members have pharmacy benefits that give them a financial incentive to fill prescriptions at a Kaiser Permanente pharmacy (8) . This study was approved by the institutional review boards of the Kaiser Foundation Research Institute and the University of Pittsburgh.
We abstracted data from the Kaiser Permanente Northern California Pharmacy Information Management System related to class D and X medications that were prescribed and filled by women at Kaiser Permanente Northern California pharmacies during 2001. We excluded prescriptions that patients never picked up and were thus returned to stock. In addition, we excluded medications (such as angiotensin-converting enzyme inhibitors) that were labeled class B or C if used in the first trimester, even if they were labeled class D or X if used in the second or third trimesters. We excluded contraceptive medications from the class D or X medications that we considered potentially teratogenic (9) . Three sources were consulted to confirm FDA classification for each medication (10 -12) . When there was no consensus across all 3 sources in risk classification for first-trimester exposure, we classified the medication according to the highest risk estimate given by any of the 3 sources. For purposes of comparison, we also abstracted data about prescription episodes involving class A and B medications that are considered safe for use during pregnancy. The Appendix Table (available at www.annals .org) shows class A, B, D, and X medications included in this analysis.
We identified all contraceptive prescriptions filled by Kaiser Permanente Northern California pharmacies in 2001 by using the Pharmacy Information Management System databases. In addition, we reviewed the Outpatient Services Clinical Record System for evidence of insertion of an intrauterine contraceptive device in the previous 10 years, placement of a contraceptive implant in the previous 5 years, or diaphragm or cervical cap fitting in the previous 2 years. We searched admission, discharge, and transfer and alliance hospital databases for information indicating whether a sterilization procedure (for example, hysterectomy or tubal ligation) had been performed between 1985 and 2001 by a Kaiser Permanente Northern California physician or an affiliated hospital.
We considered a woman to be using contraception while taking a class A, B, D, or X medication if we found evidence of any of the following: the woman filled a prescription for contraceptive pills, patches, rings, or injections in the 3 months before the date on which she filled a prescription; she was fitted for a diaphragm or cervical cap in the previous 2 years; she had a contraceptive implant inserted in the previous 5 years; she had an intrauterine contraceptive device inserted in the previous 10 years; or she had sterilization (by hysterectomy or tubal ligation) between 1985 and 2001. We categorized the contraceptive methods into 3 groups: most effective (intrauterine devices, contraceptive implants, and surgical sterilization), highly effective (contraceptive pills, patches, rings, and injections), and moderately effective (diaphragms and cervical caps). In addition, because women who received contraceptive counseling at the time they were given a prescription for a class A, B, D, or X medication may have had some delay in obtaining the prescription, we considered contraceptive prescriptions filled in the following 3 months to indicate that a clinician had attempted to ensure concurrent use of contraception.
We considered a woman to have received contraceptive counseling if we found evidence of any of the following: She was practicing contraception (including having been surgically sterilized), as defined above; the Outpatient Services Clinical Record System showed that she received contraceptive counseling, oral contraceptive management, or family planning counseling (as indicated by an International Classification of Diseases, Ninth Revision, code V2541, V258, or V2509) in the 2 years before the date on which the class A, B, D, or X prescription was filled; or the Outpatient Services Clinical Record System showed that she was given a prescription for emergency contraception or a contraceptive agent or device, regardless of whether she filled the prescription.
To identify results of any pregnancy tests that were performed within 3 months of a woman filling a prescription for a class A, B, D, or X medication, we searched Kaiser Permanente Northern California laboratory databases.
To explore whether clinician characteristics may have
Context
Many women of childbearing age receive prescriptions for potentially teratogenic drugs.
Contribution
In this review of administrative data from a large health maintenance organization in 2001, prescriptions for class D or X drugs were no more likely to be accompanied by documented claims for contraceptive services or for a subsequent pregnancy than were prescriptions for class A or B drugs.
Cautions
This study may overestimate the frequency of inadequate contraceptive counseling because the researchers did not have access to data about a patient's sexual activity or fertility potential, or about contraceptive advice that did not result in an administrative claim.
Implication
There is probably room for improvement in contraceptive counseling for women who receive prescriptions for potentially teratogenic drugs.
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influenced the frequency with which contraceptive counseling was provided, we abstracted data on clinician training and specialty from employee databases compiled at the time clinicians joined the Permanente Medical Group.
We tabulated information about prescription of medications of different FDA classes, receipt of contraceptive counseling, use of contraceptive methods, and positive pregnancy test results. We measured the proportion of prescription episodes in which women who were using specific classes of drugs were also using contraception or had received contraceptive counseling. We expected rates of contraceptive counseling to be higher with the prescription of class D or X drugs (potentially teratogenic medications) than with the prescription of class A or B drugs (safer medications). Although we recognized that underreporting of contraceptive counseling might occur, we expected it to occur nondifferentially with respect to FDA medication class.
We conducted 3 parallel sets of analyses. In the first, the unit of analysis was the prescription episode. To address concerns that women who filled several prescriptions may be overrepresented in analyses of prescription episodes, we conducted a second analysis of prescription episodes that was limited to women who filled only 1 prescription in 2001. In the third analysis, the unit of analysis was each woman. In this analysis, women who filled both high-risk (class D or X) and low-risk (class A or B) prescriptions were categorized as having filled a high-risk prescription and were excluded from the comparison group, which included women who filled only prescriptions considered safe for use during pregnancy. In the per-woman analysis, we examined whether women had documented use of contraception at the time all prescriptions were filled, had documented use of contraception at the time some (but not all) prescriptions were filled, had received contraceptive counseling but had no documented use of contraception, or had no documented receipt of contraceptive counseling.
For all analyses, we used SAS, version 9.1 (SAS Institute, Cary, North Carolina).
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RESULTS
In 2001, 488 175 women of reproductive age had continuous membership and uninterrupted Kaiser Permanente pharmacy benefits with Kaiser Permanente Northern California. Many women (47%) had continuous membership with Kaiser Permanente Northern California for 5 years or more, and 29% had continuous membership for 10 years or more (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) . At least 1 prescription for class D or X medication was filled by 77 378 of these women. In total, these women filled 801 354 prescriptions for class A or B medications, 177 663 prescriptions for class D medications, and 32 641 prescriptions for class X medications at Kaiser Permanente Northern California pharmacies ( Table 1) . The median number of class D or X prescriptions filled by women of reproductive age was 1 (range, 1 to 89; mean, 2.7); 96% of women filled fewer than 10 class D or X prescriptions in 2001. An additional 15 803 prescriptions for angiotensin-converting enzyme inhibitors were excluded from this analysis because they were not labeled class D or X if used in the first trimester, although more recent data indicate an increased risk for major congenital malformations with first-trimester use of angiotensin-converting enzyme inhibitors (13) .
During the year, 9040 clinicians prescribed 1 or more class D or X medications. The median number of these potentially teratogenic medications prescribed by a clinician was 4 (range, 1 to 882; mean, 23). Internists and family practitioners prescribed the largest proportion (48%) of class D and X medications to women of childbearing age. Psychiatrists, dermatologists, obstetriciangynecologists, and pediatricians prescribed 15%, 12%, 6%, and 3%, respectively.
Many women who filled class D (52% of prescriptions, 48% of women) or X (51% of prescriptions, 47% of women) medications in 2001 had no contraceptive method dispensed, had not been sterilized, and had no Table 2) .
Of women who were using contraception at the time they filled a class D or X prescription, the types most commonly used were oral contraceptive pills (used with 20% of class D and 21% of class X prescription) and surgical sterilization (used with 11% of class D and 15% of class X prescription). The contraceptives least commonly used by women in this sample were intrauterine devices (2.2% and 1.7%, respectively), medroxyprogesterone injections (2.4% and 1.9%, respectively), and contraceptive implants (0.3% and 0.2%, respectively). Women who filled a class D or X prescription were not more likely than women who filled a class A or B prescription to have recently filled a contraceptive prescription or to have previously been sterilized (37.0% vs. 39.4% of prescriptions). Women who filled a class D or X prescription had the same likelihood as women who filled class A or B prescriptions to have no documented receipt of contraceptive counseling (47.6% vs. 47.0% of women). However, women who filled only 1 prescription were more likely to have documentation of contraceptive counseling if the prescription was for a class D or X medication rather than a class A or B medication (53.2% vs. 48.4% of women).
Women who filled class D or X prescriptions were only slightly less likely than women who filled class A or B prescriptions to have a positive pregnancy test within 3 months after filling the prescription ( Table 3) . Among women who filled only 1 prescription, 1.64% of class D or X prescriptions was followed by a positive pregnancy test, compared with 1.57% of class A or B prescriptions. Women who filled class D or X prescriptions and had documentation of any form of contraception were less likely than women who filled these prescriptions and had no documented use of contraception (but may have used condoms or natural family planning methods) have a positive pregnancy test result (0.8% vs. 1.1% of class D or X prescriptions filled). Prescriptions for class D or X medications filled by women who were using contraceptive methods of the highest efficacy (such as an intrauterine device, a contraceptive implant, or surgical sterilization) were least likely to have a positive pregnancy test within 3 months.
DISCUSSION
Our examination of the prescription records of nearly half a million women of reproductive age showed that 1 of every 6 women (16%) filled a prescription for a class D or X medication at some point during 2001. Although these medications are potentially teratogenic, only half of prescriptions were accompanied by contraceptive counseling, and fewer than half were filled by women who had filled a contraceptive prescription or had been sterilized before they filled the potentially teratogenic prescription. Compared with prescriptions for class A and B medications, which are considered safer for use during pregnancy, prescriptions for class D and X medications were no more likely to be filled by women who had received contraceptive counseling, filled a contraceptive prescription, or been sterilized. There was little variation in documentation of contraceptive counseling by clinical indication, with the exception of prescriptions for isotretinoin. In addition, the proportion of prescriptions followed by documentation of a positive pregnancy test was similar among women who filled prescriptions for class A and B medications and those who filled prescriptions for class D and X medications. Because provision of contraceptive counseling affects use of contraception (14), which in turn affects rates of unintended pregnancy (15) , these findings suggest that policies that increase rates of contraceptive counseling and contraceptive use may be able to reduce the number of women who unintentionally become pregnant while using a class D or X medication. Our finding that prescriptions filled by women who used the most effective methods of contraception were least likely to have documentation of pregnancy within 3 months of filling a class D or X prescription may be a helpful finding for clinicians to emphasize when they talk with their patients about the risks and benefits of using potentially teratogenic medications. These findings may also be helpful for policymakers to consider when determining benefits to be included in health plans because coverage of contraceptive methods may affect women's choices about contraception (16) and associated rates of birth defects.
Our study supports previous work (2) in finding that women of childbearing age commonly use class D or X medications and (not uncommonly) become pregnant. Although we found that 1% of episodes in which women filled a class D or X prescription were followed by a positive pregnancy test recorded within 3 months, an estimated 6% of U.S. pregnancies are exposed to class D or X medications (3, 4) . Even though women using class D or X medications in this study were more likely to have received contraceptive counseling than women in a national study of use of potentially teratogenic medications (2) , the fact that rates of pregnancy differed only slightly by pregnancy risk classification suggests that increasing use of more effective methods of contraception may be helpful in decreasing rates of unintended pregnancy among women using teratogenic medications.
While we recognize the shortcomings of the current FDA risk classification (17, 18 ) and opinions differ about what level of teratogenic risk requires the provision of contraceptive counseling, we believe that clinicians should engage women in shared decision making when potentially teratogenic medications are prescribed. Given the large number of women in our study, we had to rely on available electronic databases for information about contraceptive counseling, contraception use, and pregnancy test results. These sources of information have several limitations that may overestimate the need for contraception and underestimate the provision of contraceptive counseling. First, we did not have information about the women's sexual orientation, desire to conceive, level of sexual activity, fertility, or partner's fertility. Thus, we may have overesti- mated the need for contraception. Second, some women may have begun using an intrauterine device, had a contraceptive implant, or undergone surgical sterilization before joining Kaiser Permanente Northern California. However, 47% of the women had continuous membership with Kaiser Permanente Northern California for 5 years or more before entering this study (1996 -2000) , and 29% had continuous membership for 10 years or more (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) . Third, when prescription episodes are the unit of analysis, the contraceptive practices of women who filled several prescriptions may be overrepresented. Fourth, some women in our study may have obtained contraception from an outside pharmacy or may have used condoms for contraception. This may lead us to underestimate the use of contraception. However, because an estimated 15% of women who use condoms (and 25% of women who use periodic abstinence) will become pregnant each year (15) , and because the risk for contraceptive failure is cumulative over time (19) , we believe that more effective methods of contraception should be considered by all women who are using class D and X medications and, in particular, by women who have a chronic disease for which these drugs are prescribed on a long-term basis. Fifth, given the availability of home pregnancy tests, our study probably underestimates the number of pregnancy tests that were performed. Finally, pregnancy within 3 months of filling a class D or X prescription is a surrogate outcome that probably overestimates use of a potentially teratogenic medication during pregnancy and subsequent birth of an infant affected by use of a teratogenic medication. Future research should include more detailed assessments of use of medication in early pregnancy. In addition, studies should address whether differences in use of contraception among women prescribed teratogenic medications result in different pregnancy outcomes (including abortion, obstetric complications, and congenital abnormalities).
Given that women of reproductive age commonly fill prescriptions for class D or X medications and half of the pregnancies in the United States are unintended (20) , efforts to ensure the safe use of these medications are needed. Clinician education about teratogenic risks and contraceptive options must precede effective patient education, but refinements of health care delivery systems at both the clinic and pharmacy level are also needed. Because birth defects occur in 1% to 3% of U.S. offspring (21), health plan administrators and clinicians in all specialties should examine whether women whose medical conditions may benefit from use of class D and X medications are fully involved in the decision-making process and receive adequate preconception and contraceptive counseling. 
